The mystery of high temperature superconductivity in layered cuprates is tightly related to their common patter of the doping-dependent evolution from the antiferromagnetic insulator at zero doping to the overdoped metal. A number of experimental and theoretical studies indicate that the evolution is not smooth and a critical point separates the underdoped (UD) and overdoped (OD) regions. It is tempting to associate such critical point with the pseudogap formation for pp  , with * 0.19 0. Angle-resolved photo-emission spectroscopy (ARPES) reveals a change of the Fermi surface (FS) topology from the small hole pockets to the large hole FS near the optimal doping 6, 7 . This provides a link between the QPT and changes of the FS. Here we will apply the general Lifshitz ideas 8 on the QPT induced by the FS transformations. But first of all, we will discuss how these transformations are induced by doping.
precise density of states calculations and found that there are two QPTs and the corresponding critical concentrations associated with the change of the Fermi surface topology upon doping.
Angle-resolved photo-emission spectroscopy (ARPES) reveals a change of the Fermi surface (FS) topology from the small hole pockets to the large hole FS near the optimal doping 6, 7 . This provides a link between the QPT and changes of the FS. Here we will apply the general Lifshitz ideas 8 on the QPT induced by the FS transformations. But first of all, we will discuss how these transformations are induced by doping.
It is easy to obtain the large FS in cuprates by a single-electron approach like the local density approximation (LDA) or the tight-binding method. However, to get the small hole pockets around the  
2, 2
  points of the Brillouin zone requires going beyond the weakcoupling approximations and taking the strong electronic correlations into account. Such small pockets have been found in a doped antiferromagnetic (AFM) Mott insulator by exact diagonalization 9 and Quantum Monte Carlo 10 calculations for the finite clusters as well as by a perturbation treatment of the infinite lattice [11] [12] [13] . According to these studies, after the long-range AFM order vanishes with increasing hole concentration 1 h np  (in 24 xx La Sr CuO  , px  ) a short-range AFM order still persists even at optimal doping 14 . The short-range magnetic order determines the self-energy and hole dispersion resulting in the small hole pockets around the  
  points in the UD cuprates, its fluctuation results in the pseudogap formation [15] [16] [17] . Due to the strong electronic correlations intrinsic for cuprates a theory of the electron dynamics has to fulfill a "no-double occupancy" constraint. This constraint is introduced explicitly in the mean-field theory of a d -type superconductivity within the RVB approach for the tJ  model 18 , and in the variational Monte-Carlo studies 19 27, 28 . From the previous consideration it follows that the FS topological transitions in cuprates are induced by doping and they are due to the non-rigid band behaviour of the quasiparticles in the strongly correlated systems. According to the general Lifshitz analysis 8 , for the three dimensional (3D) system a change of topology at the energy (Fig. 2) . The total DOS is a sum of the singular and regular contributions. We would like to stress that both log and step DOS singularities are in perfect agreement with the general properties of the van Hole singularities for the 2D electrons. Contrary to the 3D systems, the thermodynamical potential for the 2D electrons has a singular contribution   
Here   ** g E J p p p  is a doping dependent pseudogap, J is the exchange parameter. This fitting is shown by the filled triangles and it reflects some decrease of the kinetic energy due to the pseudogap but do not provide a quantitative agreement. Apparently, better fitting is given by the exponentional law,
Anyway, this analysis confirms that the QPT at 2 T are both related to the QPTs and evolution of the cuprate's electron structure with doping. The very existence of both logarithm and step singularities in DOS are in perfect agreement with the general properties of the van Hole singularities for the 2D electron systems. But the concentrations of doping at which these singularities approach the Fermi level and start to govern the behavior of the system are determined by the strong electronic correlations and scattering on the associated short-range AFM order.
"Methods"
To properly fulfill the "no-double occupancy" constraint at every step of our calculations we use the Hubbard X -operators, 
discussed above, at low temperatures we can neglect spin dynamics,   , C q C   q , and then we have Im 0  . Nevertheless the doping evolution of the Fermi surface is determined by the Re  , and it is qualitatively similar in our approach 25 and in the approach which properly takes Im  into account 23 . The Green function for a hole moving against the background of shortrange AFM order is written as
where It should be stressed that the standard DOS calculations with routine precision (400400 points in the quarter of BZ) we used before to solve the   ) a singular step-like contribution to the total DOS appears.
